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ABSTRACT

Smart cities increasingly depend on data-driven intelligence to enhance healthcare,
mobility, energy, and citizen services, yet centralized AI models raise concerns over
privacy, security, and regulatory compliance. Federated Learning (FL) emerges
as a privacy-preserving paradigm that trains models locally on 10T devices, smart
meters, and mobile systems while sharing only model updates. This chapter explores
FL’s architecture, core components, and integration with enabling technologies such
as Blockchain, Differential Privacy, and Edge Al. Real-world use cases, including
Traffic Management, Healthcare Diagnostics, and Energy Optimization, demonstrate
its transformative potential. Challenges like device heterogeneity, communication
overhead, and data imbalance are critically analyzed, with solutions and future
policy directions proposed to ensure ethical, secure, and sustainable adoption of
FL in citizen-centric smart cities.

1. INTRODUCTION

The accelerated transformation of smart city also alters the way cities func-
tion by relying on data-driven systems, thereby making them the most efficient,
sustainable, and healthy to the inhabitants. Nevertheless, this dependency on big
data full of impersonal information to healthcare and energy consumption raises
the privacy and security issue on a large scale. Conventional centralized machine
learning models have higher chances of requiring that sensitive information be kept
in a single database, which can become the source of a breach, intrusion, or violation
of data protection regulations like GDPR (Jiang et al., 2020). Federated Learning
(FL) has proven to resolve them as a consistent step in this direction, empowering
the abilities of multi-participant intelligence without infringing on the privacy
of one specific person. Fl will also enable the models to train on the distributed
devices and then secure aggregate rather than transmitting raw data to them. The
plan does not only promote trust and resilience but as per the vision of smart cities
that are people-centered. With complementary technologies such as a blockchain,
differential privacy, and edge Al to FL, urban systems will have privacy-preserving,
sustainable, and scalable intelligence.

1.1 The Need For Privacy In Urban Al Systems
By implementing artificial intelligence to enhance mobility, health care, energy

management, and citizen services, cities have created challenges over privacy of
urban Al systems and tools. Smart cities rely on the real-time information gathered
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